Study objective: To estimate the incidence of lower limb fractures in the United Kingdom and assess the relative importance of various risk factors for lower limb fractures. Design: Cohort analysis and matched case-control study. Setting: General practices contributing information to the General Practice Research Database. Subjects: Individuals registered with these general practices who were at risk for a first time lower limb fracture from 1 January1990 to 31 December 2001. Main outcome measures: Age, sex, and fracture site specific incidence rates; relative risks and population attributable risks for various medical risk factors. Results: Overall, the risk of lower limb fracture was 17% higher in women then in men. Within age groups, men and women had generally similar proportions of fractures at specific sites in the lower limb. Among the risk factors evaluated, road collisions were associated with the highest relative risk for lower limb fracture, but only accounted for 3.1% or less of the population attributable risk for specific fracture types in any age group. The relative risk for lower limb fracture associated with a diagnosis of dementia was 2.3 (95% confidence interval 2.0 to 2.6), while relative risk estimates for other medical diagnoses were less than 2. Fracture risk was increased among current users of corticosteroids, antipsychotics, antidepressants, and hypnotic/sedatives, but the population attributable risks for each of these drug classes within fracture and age specific strata were only 3.0% or less. Conclusions: Many risk factors for lower limb fracture have been identified, but population attributable risk estimates for various risk factors are small. These findings suggest that multifactorial prevention programs are needed to decrease the incidence of lower limb fractures in the general population.
L
ower limb fractures account for approximately one third of all fractures and may result in substantial mortality and morbidity. Although the occurrence and prevention of hip fractures have been the subject of many publications, the epidemiology of all lower limb fractures combined has not been studied extensively in the general population of the United Kingdom. Moreover, although many risk factors for lower limb fracture have been reported previously, there is little quantitative information in the literature regarding the independent contribution of medical risk factors to the population burden of lower limb fractures. To address these questions, we carried out a population based study using information from the United Kingdom's General Practice Research Database (GPRD).
METHODS
The study protocol was approved by the Scientific and Ethical Advisory Group of the GPRD.
Data source and base population
We conducted this study using data from general practices in the United Kingdom that have contributed data to the GPRD maintained by the Boston Collaborative Drug Surveillance Program (December, 2001 update) and use Vision software (InPractice Systems Ltd, London, UK) to record their patients' medical information. The general practitioners enter demographic and diagnostic data into their computerized medical records, and they use the computer software to record and generate prescriptions, thereby ensuring a complete record of medications prescribed to each patient. Diagnoses are specified using the Read classification system. We have carefully validated the GPRD and used the information it contains to conduct numerous pharmacoepidemiology research studies. 1 2 Our group has found that fracture diagnoses recorded in this database are highly reliable and accurate when validated against other information contained in full computer profiles. 3 Therefore in the present study we analyzed fractures recorded by the general practitioners without undertaking additional validation procedures related to the fracture diagnosis.
The base population included all subjects in 142 general practices actively contributing data to the GPRD maintained by the Boston Collaborative Drug Surveillance Program who were at risk of a first time lower limb fracture during the period from 1 January 1990 to 31 December 2001, and who were registered as permanent members of their general practice or died during the study period. For analyses of incidence rates, person-time was calculated as the sum of days of follow up time stratified by sex, age in years, and calendar time.
Cases
Cases had a first time diagnosis of lower limb fracture recorded in their computerized medical record at any time during the study period. Each case's index date was the date of the first recorded diagnosis of a lower limb fracture. Fractures were classified by anatomic site as those of the hip, other femoral sites, patella, tibia and/or fibula, ankle, tarsal and/or metatarsal bones, or phalanges of the foot. Seven subjects with fractures at unspecified sites in the lower limb were excluded from the case-control analysis. The median time of follow up in the GPRD for cases was 3.7 years (maximum 11.8 years).
Controls
Up to two controls were matched to each case by year of birth (within one year), sex, general practice, index date, and duration of follow up time in the GPRD before the index date (within one year). No eligible control could be identified for 73 cases (0.2%); these cases were therefore omitted from the matched case-control analysis. Each case's index date was assigned as the index date for their matched controls.
Assessment of risk factors
We assessed various medical risk factors for fracture that had previously been reported in the literature. 4 5 Subjects were considered to have a given medical risk factor for lower limb fracture if the diagnosis was listed in their computerized medical record at any time before their index date (including historical entries recorded for the time before their practice began contributing data to the GPRD). Subjects were considered to have a road collision as a risk factor for lower limb fracture if such a diagnosis was recorded within 90 days before their index date. Half of these collisions were recorded within three weeks before the index date; 75% were recorded within one and one and a half months before the index date.
For analyses of associations between prescription drugs and lower limb fractures, subjects were considered to be currently exposed to a given therapeutic class if a prescription for any drug in that class was recorded in their computerized medical record during the 30 days before their index date. Drugs were categorized into therapeutic classes based on information published in the British National Formulary. 6 In separate analyses, we evaluated exposure to drugs for which subjects had prescriptions recorded within 90 days before their index date. Because these results were generally similar to results for the analyses for prescriptions recorded within 30 days before the index date, we present only the results for the exposure period within 30 days before the index date.
Statistical methods
We estimated stratum specific incidence rates as the number of cases in a given stratum divided by the person-time contributed by subjects in the base population in that stratum, and we calculated 95% confidence intervals using Byar's approximation. 7 For the case-control analysis, we estimated the relative risk (RR) and 95% confidence interval (CI) as hazard ratios using conditional logistic regression (PHREG procedure, SAS version 8.02, SAS Institute Inc, Cary, NC). Relative risk estimates presented here are conditional on the matching factors and adjusted for all other risk factors we studied. We considered relative risk estimates to be statistically significant if the lower 95% confidence bound was greater than 1.00 with no adjustment for multiple comparisons. Relative risks and confidence intervals were rounded to the nearest 0.1 for presentation. Stratum specific population attributable risks were estimated as the attributable fraction among cases (calculated as [RR21]/RR) multiplied by the proportion of cases exposed in the stratum. 8 These results are expressed as percentages.
RESULTS

Incidence of lower limb fractures
We identified 32 900 subjects who had a first time (incident) diagnosis of lower limb fracture recorded in the GPRD from 1 January 1990 to 31 December 2001. Table 1 presents characteristics of these subjects and the crude incidence rates of lower limb fractures by sex and by age (in decades). The incidence of all lower limb fractures combined was 17% higher in women than in men. The age specific distribution of lower limb fracture incidence exhibited a small peak among 10-19 year olds (3.3 per 1000 person-years), a progressive increase after age 50, and a substantially higher peak among subjects aged 90 and older (22.0 per 1000 person-years).
The most common anatomic site of lower limb fracture was the ankle (22.6% of all incident lower limb fractures), followed by the tibia/fibula (17.3%), the hip (16.7%), and the tarsal/metatarsal bones (16.7%). Fractures of the hip and other femoral sites combined made up approximately 25% of the total. Two hundred eighty eight subjects (0.9%) had fractures at more than one lower limb site on the day their first lower limb fracture was recorded; the results we report here relate only to the first fracture listed in each subject's computerized medical record. Figure 1 shows the incidence of lower limb fractures by sex for each age group. Lower limb fractures were more common among males than among females in the younger age groups (up to 30-39 years old). The incidence rates for 40-49 year old men and women were closely similar to each other. Among subjects 50-59 years and older, the incidence of lower limb fractures was higher in women than in men, and the difference increased with increasing age. Among the oldest age group (>90 years old), the incidence of lower limb fractures was approximately twice as high in women as in men.
Within age groups, the proportions of fractures that occurred at different anatomic sites in the lower limb were generally similar between males and females ( fig 2) . For example, the tibia and fibula were the most common sites of lower limb fractures among both boys and girls aged 0-9, accounting for more than 40% of lower limb fractures in each sex. By contrast, fractures of the hip were rare in this age group. In older age groups (10-59 years old), fractures of the ankle, tarsal and metatarsal bones, and phalanges of the foot represented higher proportions of lower limb fractures than in children. In the oldest age groups (age 70 and older), fractures of the hip predominated among lower limb fracture sites, comprising approximately equal proportions of all lower limb fractures among men and women. Hip and other femoral fractures comprised the majority of all lower limb fractures among both men and women 80 years of age and older.
Case-control evaluation of risk factors
We carried out a case-control evaluation of several medical diagnoses and therapeutic drug classes that have previously been reported to be risk factors for fractures. Up to two controls were matched to 32 827 cases by sex, age (within one year), general practice, index date, and duration of follow up in the GPRD before the index date (within one year). We combined subjects into five age groups and three fracture sites for the case-control analyses. Characteristics of the cases and controls are listed in table 2. All controls were drawn from the same general practice as the case to which they were matched. For all controls, the difference in duration of follow up in the GPRD between the control and the case to which they were matched was less than one year (data not shown). For all controls, the index date used to evaluate the presence or absence of risk factors was the same date as for the case to which they were matched (that is, the date on which the case's first time lower limb fracture was recorded). Summary estimates of relative risk in the whole study population for each diagnostic category and drug class are listed in table 3. The largest relative risk estimate observed was for road collisions (RR 6.3, 95% CI 4.7 to 8.5). Among medical risk factors, the largest relative risk estimates were observed for dementia, osteoporosis, parkinsonism, alcoholism, and epilepsy. It should be noted that some of the relative risk estimates, although ''statistically significant'', are only slightly above 1.00. Also, some of the relative risk estimates that are close to 1.00, although ''significantly'' increased, may be due to chance or to residual confounding. We adjusted all analyses for smoking and body mass index, and estimates for these variables are also presented in table 3.
In stratified analyses, relative risk estimates differed materially between the sexes only for road collisions (RR 7.7, 95% CI 5.3 to 11.3 in men and 4.7, 95% CI 2.9 to 7.4 in women).
Relative risk estimates varied considerably by age. Table 4 lists the statistically significant relative risk estimates by age. Most risk factors (with the exception of road collisions) were more prominent among older subjects. Many factors were also associated with significantly increased risk of lower limb fracture among 20-49 year olds. Road collisions were the only risk factor we studied that was significantly associated with lower limb fractures among 0-9 and 10-19 year olds. It should be noted that the larger size of the 20-49 and 50-79 year old groups contributes to several relative risk estimates that are close to 1.00 being ''significantly'' raised. Table 5 lists the relative risk estimates and population attributable risk percentages for the statistically significant age specific risk factors associated with each of the 3 categories of lower limb fracture (hip/femur, patella/tibia/ fibula, and ankle/foot).
Most risk factors accounted for fewer than 5% of lower limb fractures of a particular lower limb site in any age group. The only risk factors with population attributable risk estimates that exceeded 5% were dementia (for hip and femur fractures among subjects 80 years and older) and smoking (for hip and femur fractures among 50-79 year olds). Dementia was also an important risk factor for hip and femur fractures among 50-79 year olds (population attributable risk 3.9%). Raised population attributable risks associated with the ''unknown'' smoking and body mass index categories were partially a result of the substantial proportion of the population with unknown values for these variables. The largest population attributable risk associated with any of the drug therapeutic classes was 3.0% for hip and femur fractures among subjects 80 years and older.
DISCUSSION
To our knowledge, this is the first large population based study carried out using data from the United Kingdom in which the relative importance of various medical risk factors for lower limb fracture has been studied quantitatively. By ''population based'' we mean that the study population is representative of the age and sex distribution of the general population of the United Kingdom and that the cases and controls are drawn from a large number of general practices located in various regions throughout the country rather than from a specific referral center or geographical location. We used a nested matched case-control design for our study rather than a cohort analysis in order to increase the efficiency of the study for estimating relative risks and to maximize the control of potential confounding due to the Our data confirm that there is considerable variation in the incidence of lower limb fractures by age and sex. The higher crude incidence of lower limb fractures among women than among men is due to the increasing incidence of lower limb fractures with increasing age, the higher age specific rates of lower limb fracture among older women than older men, and the preponderance of women surviving into the older age groups. Within most age groups, the distribution of fractures among various sites in the lower limb is similar among men to the distribution among women.
We have reported population attributable risk estimates for the association between various medical risk factors and specific categories of lower limb fracture. Population attributable risk is an epidemiologic measure that combines information on the magnitude of the relative risk estimate and the prevalence of a particular risk factor among cases in *Data are presented only for those risk factors, anatomic sites, and age groups for which the lower confidence bound of the relative risk estimate was greater than 1. Diagnoses were recorded at any time before index date (except for road collisions, which were recorded within 90 days before index date). Subjects were considered users of the drugs listed if they had any prescription for a drug in the therapeutic class recorded within 30 days before the index date. For smoking categories, the reference group comprised non-smokers. For body mass index (BMI) categories, the reference group comprised those with BMI ,24 kg/m 2 . ÀRelative risk estimates are conditional on the matching factors (age, sex, general practice, index date, and duration of follow up in GPRD before index date) and adjusted for all other risk factors.
Percent of cases exposed (that is, with risk factor) in each stratum (by fracture site and age).
the population. Assuming that the relative risk estimates we observed are causal (that is, that there was no important unmeasured confounding), these population attributable risk estimates represent the percentage of cases of the specific fracture type among a given age group that are due to a particular risk factor and would theoretically be prevented if exposure to that risk factor could be eliminated. We found that dementia among subjects 80 years and older and smoking among subjects 50-79 years old each accounted for more than 5% of hip and femur fractures in these age groups, but other risk factors accounted for smaller population attributable risk percentages for various fracture types in these and other age groups.
Our estimates of the sex specific and age specific incidence of lower limb fractures in the United Kingdom are broadly compatible with those reported by van Staa et al. 4 These authors used data from a larger number of practices contributing to the GPRD than we did; their method of estimating person-time differed from ours; and they did not study fractures in subjects younger than 20 years old. Calculated from information presented in their table 1, the age standardized incidence rates of lower limb fractures were 3.4 per 1000 person-years in men (compared with 2.9 per 1000 person-years in our study) and 4.5 per 1000 personyears in women (compared with 3.4 per 1000 person-years in our study). The sex specific and age specific pattern of lower limb fracture incidence we observed-namely, a higher incidence of lower limb fractures among men through the first four decades of life and a higher incidence among women older than 50-is also similar to the sex specific, age standardized pattern reported for all fractures by van Staa et al. It should be noted that age standardization would have a negligible effect on the findings we have reported because the population included in the GPRD has a similar age and sex distribution to that of the UK.
In a later study, van Staa et al estimated relative risks for fracture associated with various diagnoses and drug exposures and developed a risk prediction model for the occurrence of osteoporotic fractures. 9 Their analysis differs from ours in that they did not consider alcoholism or trauma as potential risk factors, and their definition of current drug use (any prescription within six months before the index date) was broader than ours (any use within 30 days before the index date). Conversely, we did not evaluate several risk factors they identified (such as anemia and chronic obstructive pulmonary disease).
Fitzpatrick et al reported that osteoporotic indices (including measurement of bone mineral density) did not differ significantly between 89 cases of hip fracture in women over age 50 and their age matched controls. 10 In their study, subjects with cancer, major trauma, fractures at other sites, or moderate to severe cognitive impairment were excluded. We found that diagnosed osteoporosis was significantly associated with the risk of lower limb fractures (RR 1.9, 95% CI 1.7 to 2.2) and was an important predictor for hip and femur fracture in the elderly (population attributable risk 3.7% among 50-79 year olds and 3.6% among subjects 80 years and older). An important difference between the two studies is that in our study osteoporosis was considered present if diagnosed clinically at any time before the index date. Such a diagnosis may have been prompted by fractures at other sites that were not part of our study (for example, the vertebrae), and may therefore reflect the presence of more severe osteoporosis than indicated by the x-ray osteoporotic indices used by Fitzpatrick et al.
A limitation of any study of risk factors for a condition such as lower limb fractures is that not all risk factors can possibly be included and that the risk factors that are included are conceptualized in a manner that ultimately is somewhat arbitrary. Our study was limited to information on risk factors that would be routinely recorded in a medical record. We did not assess such potential risk factors as driver distraction (for example, due to cell phone use or passenger smoking), which could be an indirect cause of lower limb fractures by increasing the risk of road collisions. Moreover, certain risk factors we studied might be categorized differently by other investigators; for example, the risk of fracture related to use of an antiparkinsonism drug could be evaluated separately from the risk of parkinsonism itself. As another example, inclusion of anemia as a distinct risk factor might decrease the relative risk observed for rheumatoid arthritis if some of the risk related to rheumatoid arthritis is mediated through the development of anemia. We did not have information on calcium intake or activity level, which have previously been reported to be risk factors for hip fracture.
11 Therefore, the relative risk estimates and population attributable risks that we report must be interpreted in the context of the constellation of medical risk factors we studied. Moreover, it is likely that different relative and population attributable risk estimates would be obtained for at least some of the medical risk factors we studied if our case definition included only lower limb fractures of a particular severity (for example, those requiring surgical intervention).
Our findings emphasize that a multifactorial approach to the prevention of lower limb fractures is necessary if the incidence of these fractures is to be reduced through medical or public health interventions. For example, smoking cessation, weight loss, and decreased use of various classes of medications might all contribute to a decreased risk of specific lower limb fractures among certain age groups. The data we have presented here on the population burden of lower limb fractures and population attributable risks may be useful to public health program planners in prioritizing funding for the prevention of lower limb fractures as well as for developing approaches to the prevention of lower limb fractures in specific segments of the population.
N Incidence rates varied widely by age and fracture type, but the distribution of fracture types was generally similar for men and women within age groups.
N Among the many risk factors for lower limb fracture that have been identified, road collisions are associated with the highest relative risk but account for only 3.1% or less of the population attributable risk in any age group.
N Among medical risk factors, dementia accounted for the highest population attributable risk for femur fractures among people aged 80 years and older (5.4%), while smoking was the most important risk factor we evaluated among 50-79 year olds (population attributable risk 5.5%). 
Cruise control blamed for 190 km/h drive-legal action follows
A driver was said to have had his life saved by his mobile phone. Initial reports said that the driver had overtaken a truck on the A71 freeway in central France and that the car's cruise control had stuck at 191 km/h. The driver had called the police in panic about the car being out of his control and spoken to them for an hour as he sped south. Reports quoted the police as saying that eventually they were able to calm the frightened man and that eventually he was able to cut the engine and roll to a stop 20 km north of a toll plaza that had been evacuated. Three days later car manufacturer Renault said that the Vel Satis MPV vehicle showed no signs of malfunction and is seeking legal redress to protect its reputation. The car will be tested by a third party and Renault have not ruled out suing for damages (reported by AFP October 2004; contributed by Ian Scott).
Head protection for young soccer players
The New York State West Soccer Association, overseeing about 80 000 youth players in western New York, is expected to announce that headgear will be mandatory next spring for players under 14. Altogether 35 000 kids will be required to cover their foreheads to get into games. Omer Doron, association executive director, says he's not aware of any soccer body making headgear mandatory ''and we're happy to be the first''. FIFA, soccer's top governing body, has specified only that acceptable headgear not include hard surfaces, sharp edges, or loose straps. Obviously, the US market is potentially huge-about 12.4 million kids aged 6-17 play soccer, and the sport trails only basketball in popularity. One company claims says it has sold 100 000 models and had 11 players using the gear in Olympic soccer in Athens and four players use it in Major League Soccer. NYSWSA's Doron says the use of headgear by elite players will change things: ''That's living proof that headgear doesn't change the game'' (from USA Today, October 2004; contributed by Anara Guard).
